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Abstract 
While propagating waves in the dispersive plasma, the absorption of the energy of electromagnetic waves 
significantly influences on the statistical characteristics of the scattered radiation. The absorption may cause the 
deformation of the power of radiation spectrum while discussing the asymmetric problem. In the point of view of the 
practical usage, it is interesting to discuss the cases when the source and receiver antennas are located on the different 
sides of chaotically inhomogeneous absorptive layers. The statistical modeling will be fulfilled for different 
coefficient of the absorption.  
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1. Main text 
For narrow frequency range signal( 'ZZapproximate methods are used which are 
reflected in kZcorrelation. But for many signals the abovementioned approximate methods are not 
sufficient and it is necessary to calculate an integral as following [1]: 
ݑሺݖǡ ݐሻ ൌ ׬ ݑሺ߱ሻ݁௜௞ሺఠሻ௭ି௜ఠ௧݀߱ାஶିஶ (1) 
Let’s discuss a sinusoidal signal and observe its behavior, in particular, its front side deficiency, 
dispersion. With approximate methods we can find the dependence of amplitude on the time. There are 
analytical methods of defining signal velocity, like a stationary phase method. It represents an 
asymptotic method and enables us to evaluate (1) integral in case of z of. Actually, big importance 
of z and t ( z / t - is a finite value), in (1) integral exponent we get big value parameter, due to which 
the exponent turns into a rapidly oscillated function. The special point is the points of phase 
stationarity, in which the following condition is performed: μȀ μɘ ൌ Ͳ, where y(Z)  k(Z) Zt , 
so: 
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(2) has an importance essence, it indicates that after t time the signals of the frequency for which z/c
coincides to the group velocity, approach to z point of the space. 
Let’s calculate 
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and spread in y(Z) line: 
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transform (1)-under integral image as following: 
> @( ) ( ) exp ( )s s su u iZ Z MZ                          (4) 
consider in (3) and (4) (1) and calculate integral [2,3] 
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Let’s discuss the example: say the primary signal is a rectangular impulseݑ଴ ൌ ሺݐ ൌ ݐ௜ሻ, its form 
and spectrum has the following image:
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Insert (6) in (1) integral. Get the following image: 
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After simple transformations (6.8) image comes to the calculation of the integral: 
2
2 0
0
, (2 ab )
sin
0
Jb dx
a x
x x
Sf ­§ ·
r  ®¨ ¸
© ¹ ¯
³
 N.Kh. Gomidze et al. /  Physics Procedia  25 ( 2012 )  401 – 406 403
Finally we get: 
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where ଴is the function of Besel zero line. 
Let’s say that there is an impulse, the dispersion of which is described with wave equation [2]: 
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where E is a voltage of electric field, c is a velocity of light dispersion in media, z is the direction of 
radio impulse dispersion, t is dispersion time, P is the polarization of unit capacity of media. Consider the 
media contains free charges, when polarization vector P_satisfies the equation: 
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where e and n are electron charge and mass, N - electronic concentration, v - collision and effective 
frequency, which considers the energy loss during collision of electron ions and neutral molecules. 
It is clear that the impulse is spread with c velocity, that is why it is advisable to seek Ez,t field 
with the following image: 
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we get: 
2 2 2
2 2 2 2
2 4
2ik = exp( t )
t t
A A A P
i
z c z z c
S Zw w w w c  
c c c c cw w w w w
         (13) 
2 2
2
= ( ; )exp( )
t
P P e N
v A z t i t
t m
Zw w c c
c cw w
            (14) 
Say, the duration of impulse characteristics t satisfies the inequality ft1 !!and the impulse length on 
zcaxis will be Ln= ctn!!L. In the abovementioned case the following condition is fair: 
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Correspondently, in (13) image, we can ignore the first member. As location and speed of the 
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electron may change instantly, at the time of coming impulse in zcpoint in cold plasma, the 
following equation is performed: 
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Insert the salvation of (15) in (13), then the equation for impulse outskirts gets the following 
image: 
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It represents a Laplace image with initial envelop 20 / (2 )cK Z , 
2 2
0 (4 ) /e N mZ S is a 
plasma frequency [2]; It is considered that .The last condition is performed since 
when t  0 the impulse is not yet in media. Let’s perform the back transformation of Laplace: 
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2. Conclusion 
The expression (17) enables us to evaluate the changes of form of impulsive signal outskirts of 
different duration and forms in time on different height above the earth surface. A numerical experiment 
for impulses having duration of 10-3 sec, 10-4 sec da 10-5 sec, when the frequency of carrier signal f  10
MHz was investigated in [3] works. This time, consider that the frequency of carrier signal is near the 
plasma frequency f0  2.84MHz Say, the carrier frequency f  3 MHz is a bit excessive than a plasma 
frequency. It is clear that the condition f !f0 should be performed by all means, otherwise the impulse in 
the plasma layer cannot be propagated. So, consider that carrier impulsive signal of f  3 MHz is radiated 
from the source on the surface of earth. The object of our research is to ascertain the change of impulse 
form (deformation) in the lower layers of the ionosphere on the height of z  100 1000 km. The 
numerical calculations were conducted in the plasma media for the following parameters: the number of 
collisions Q 103 , 104 sec-1, concentration - N  105 .
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Figure 1Change of rectangular impulse when z=100,200,500km ti=1013sec, v=104,f=107Hz 
Figure 2 Change of sinusoidal impuse when z=1000km ti=1013sec, f=ͳͲɀ,in case:1-v=2ͳ െ  ൌ ʹ ൈǣ Ͳସିଵ, ʹ െ  ൌ ͵ ൈ ͳͲସ,
͵ െ  ൌ ͸ ൈ ͳͲସିଵ
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Figure 3 Change of b1-exponentlal impulse when ti=10-4sec, v=104sec-1,f=107Hz, A0=3.07,D=4,E=10, in case z=100km and 
z=1000km. 
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